The rice root nutrition is easy to regulate, and, therefore, it is the basis of high yields. It still remains unknown how the absorbed salt is used at different vegetation phases, so it is not always possible to explain the real causes of low yields. Most often it is associated with poor climatic conditions in the year. However, weather conditions cannot explain the lack of crop growth with an annual increase in the amount of fertilizers applied. The field experiments have been conducted to determine the standards and timing of fertilizers application for rice on degraded lands (Nauryzbai section), which provides a high rice yield and the efficiency of irrigation water use. The trial establishment on the standards and terms of mineral fertilizers application at a rate has been performed to determine the optimal fertilizer rate (N 120 P 90 K 60 ; N 150 P 90 K 60 ; N 180 P 90 K 60 .) According to the results, the optimal fertilizer rate after melilot is N 150 P 90 K 60.
In Kazakhstan, rice growing is concentrated in two oases -in the valleys of the Ili and Karatal rivers and in the lower reaches of the Syrdarya River, in the territory of Kyzylorda and South Kazakhstan regions. In the valleys of the Ili and Karatal, the Dungans and Taranchi, who relocated here in 1871-1882 from the Ghulja Province of China, began to cultivate rice. They brought with them not only the seeds of rice, but also the experience in irrigational construction.
The rapid growth of the cotton and ricegrowing area in the early 1880s in Central Asia caused serious competition for water between the two cultures. In this regard, it became necessary to move the rice crops in new areas. So in 1895 the research and studies with the aim of drawing up a new irrigation projects were initiated. These works were carried out primarily in the ancient irrigation lands on the left bank of the Syrdarya River from Golodnaya Steppe to the dry riverbed of the Zhanadarya River. The attempts to develop these lands for irrigated agriculture promoted the rice crop in more northern areas, i.e. the lower reaches of the Syrdarya River, the current territory of Kyzylorda region. Here, the first rice crops were planted in 1896, and already in 1897, approximately 300 hectares were adopted for rice 1 . Rice was and is mainly cultivated in Kyzylorda region -in the lower reaches of the Syrdarya River, where grows more than 90% of rice crops of the Republic and the majority of farms is specialized in the cultivation of this crop.
The climate of the area located within the plain of the ancient part of delta of the Syrdarya River is characterized by sharp continentality. Continentality is manifested in large annual and daily amplitudes of air temperature and in the climatic indicators instability every year. Summers here are hot and long, and winters are moderately cold and short. The annual rainfall is 129 mm. Most of the precipitation occurs during the warm season.
Research and production sites of the Kazakh Research Institute of Rice named after I. Zhakhaev are located in the eastern part of Pravoberezhny Kyzylorda irrigation array. In 1967, under the project of the Kyzylorda department of "Soyuzgiproris" Institute, a rice irrigation system, which is a seven-field rotating area of 684 hectares, was built there. A variety of field trials to optimize the fertilizer system of the rice culture, on the study of water-salt regime, to improve soil fertility, and other trials are conducted in rice paddies of Karaultyubinsky experimental farm.
Currently, in Kyzylorda region eight sorts of domestic breeding are officially zoned, namely: Marzhan, Aral 202, Aru, Madina, Togusken 1, Aru, KazNIIR-5, KazEr-6, and five sorts of Russian breeding: Novator, Leader, Yantar, Fischt, and Anait. Of the 12 sorts admitted to use in the Kyzylorda region for the southern zone of rice cultivation (Zhanakorgan and Shiely districts) it is recommended to cultivate middle-grade sorts, such as Marzhan, Togusken 1, Aral 202, Leader; for the middle zone -Marzhan, Togusken 1, Madina, Yantar, Fischt, KazEr-6 KazNIIR 5, for the northern zone -KazNIIR-5, KazEr-6, Aru, Anait, and Novator 2 . The experience in operating the irrigation systems shows that on modern irrigation systems, the size of the water intake from the irrigation sources is predetermined by their water content, the crop requirements, and varies widely from 5 to 25 thousand cu.m/ha. It was found that plants use about 30-35% of the water diverted from irrigation sources. The rest is spent for technological losses (filtering in the channels, filtering on irrigated lands in transportation of water from the irrigation sources to the plants 3 . Currently, the irrigation norms (net) on the rice-growing arrays of Kyzylorda region range from 18,760 to 21,750 cu.m/ha, and the gross rate is from 28,000 to 32,450 cu.m/ha. Observance of proper irrigation regime in the rice fields is the key to high productivity. Such water regime can be implemented only on the well-designed rice fields. Rice irrigation regimes may be different depending on the degree of soil salinity, weed control methods, and other conditions.
Unlike other crops, rice is cultivated mainly upon creation of a layer of water on the field during most part of the growing season. Rice, grown without soil flooding, but with it periodic watering, always produces reduced crops.
Specific soil conditions, created in the flooded rice field, cause many of the features in the phenomena and processes related to rice nutrition.
Shortly after the soil flooding, the lack of free oxygen occurs and strongly pronounced regenerative processes develop. However, this does not degrade, but rather improves the conditions for nutrition and growth of rice plants. It was found that the rice field flooding with water layer promotes the accumulation of ammonia nitrogen and exchange potassium available to rice, increases the mobility of the phosphorus compounds, and provides favorable conditions for the intake of food elements to the rice roots. In a strongly reduced soil of flooded rice field, the mineralized nitrogen accumulates mainly in the form of ammonia, and nitrates are formed only in thin oxidized layers of soil around the active rice roots. Thus, the ammoniacal nitrogen is the main source of the rice nutrition with nitrogen in the flooded field 4 .
The high efficiency of nitrogen fertilizers for rice was noted by many researchers. Despite the low rate of nitrogen application, nitrogen fertilizers provide high gain and significantly increase the total nitrogen yield by rice crop. Nitrogen fertilizers required for rice in large quantities are very mobile in the soil and is, therefore, one of the main sources of environmental pollution. At the same time, in the system of application of nitrogen fertilizers, providing their high return on the crop, the right choice of forms, methods and timing of nitrogen fertilizers application are more important, as well as the use of substances that suppress the nitrification process, which is the main source of nitrogen losses in flooded rice soils 5 . Phosphate fertilizers are ineffective on many soils of rice paddies. This is not due to the transition of applied fertilizers in a condition hardly accessible for the rice, but due to favorable conditions for the mobilization of forms of phosphorus compounds available to rice in the soil of flooded rice field.
Despite the large consumption of potassium by rice from the soil, often potash fertilizers are ineffective, since upon sharp change of redox regime of soil in the flooded rice fields the conditions for intensive mobilization of potassium from the potassium-containing soil minerals are created.
Creating a layer of water on the rice field improves the conditions of rice nutrition with carbon dioxide. Its large part which is formed upon decomposition of organic substances is released near the rice roots, where oxidative processes are most intense. Part of the carbon dioxide is absorbed by the rice for the needs of the synthesis. While reducing its temperature during the night hours, the irrigation water accumulates carbon dioxide unnecessary for the plants at that momen, and enriches its atmosphere in the rice haulm stand at higher temperatures in the daytime, when the plants have high demand for carbon source for assimilation. During its greatest intensity in rice, the daily rice intake of carbon dioxide is up to 300-350 kg/ha per day.
Therefore, to obtain high yields the genesis of soils and its reclamation condition, rational flooding regime, uniform arrangement and sufficient density of plants, as well as standing and highly productive sorts adapted to local conditions are also of significant importance.
Minerals are a mandatory part of the rice plant and are found in all its organs in an amount that depends on their age and growing conditions.
Prior to tillering, rice consumes relatively small amounts of nutrition elements from soil. 70-80% of them are absorbed by the plants from the soil in the period between tillering and the beginning of flowering. The rice accumulation occurs in the maturation stage.
Rice has a number of biological features, which often limit the effectiveness of cultivation methods and even the use of fertilizers. These features include the following: low field germination of seeds; uneven plant population in sowing due to various reasons (unevenness of water layer upon insufficient floating), slow initial growth; significant loss of plants during the growing season; transformation of the roots as an inevitable consequence of the paddy flood; toxic effects of hydrogen sulfide and other products of anaerobic processes; age-related changes of rice response to ammonium and nitrate form of nitrogen fertilizers; physiological heterogeneity of shoots within one plant, depending on the power and timeliness of tillering; increase of this heterogeneity of the rice bush from high rates of nitrogen fertilizers (especially, those applied after the phase of 7-8th leaf); lack of stability in the initial phases of the development to the wind; products of anaerobic biological activity of the soil, as well as lodging in the background of increasing rates of mostly nitrogen fertilizers; reduction of grains/year rate of heads mostly in lateral shoots at increased and belated application of nitrogen fertilizer as a result of antagonism between vegetative and generative development of plants; competitive relationship between the main and side shoots, reaching a significant force in the wrong mode of nitrogen supply, with corresponding negative consequences for the rice grain production. In correct application of fertilizers to rice, it is important to take into account the discrepancy between the periods of greatest absorption of nutrients and responsiveness to the fertilizer applied. Rational mineral nutrition regime should be based not only on the early "reserve" application and not on meeting the needs of gradually changing rice need to absorb the corresponding element, but on the targeted exposure to fertilizer that stimulates organ-forming processes 6 . The low efficiency of current water management activity in rice irrigation systems is also due to the fact that it is aimed at achieving the interim, short-term goals, which do not provide a holistic solution of water problems, while sustainable water use should be based on a balance of economic, social and environmental interests in the region [7] [8] .
MATERIALS AND METHODS
The research works were carried out on the lands of the Kazakh Research Institute of Rice.
These lands have not been used for over 20 years, and after the rehabilitation irrigation and drainage works the rice cultivating has been resumed. The water-metering devices were installed on the trial sites before the rice sowing, as follows: to determine the volume of water the Ivanov weir and automated water supply and discharge plants were installed on 2 paddies, in the channels -the channel controls and bridges, to measure water flow in the channels of GR-21M, well-piezometers to monitor the level and salinity of groundwaters. Determination of the water balance on the trial site was conducted by the method proposed by V.B. Zaytsev. The total water consumption was studied by evaporation vessels with the cross-sectional area of 0.2 sq.m. Observations were made 2 times a day (at 9 a.m. and 5 p.m). To keep the required water layer they were filled up. The amount of water filled up showed its debit for the interval between observations. Phenological and reclamation sites have been allocated on rice paddies to monitor the salinity of the water and the condition of the rice plants.
Research results
The trial field soil is characterized by heavy texture with a clear sign of gleying. The sporadical cane with the height of 20 cm grows. Before the trial establishment we have studied the soil cover of the trial field for which were laid sections (Figure1, Table 1 ).
The examination of the selected trial site in the first year of development with an area of 20 hectares has shown that the soils are strongly saline in the 0-50 cm layer, the degree of aggregation in depth is reduced from 74-80% to 28-35%, humus content is from 1.51% to 0.81%, and the proportion of exchange magnesium in the composition of absorbed bases increases from 14-30% to 39-57% of the total amount. Salinity typechloride-sulphate sodium.
Cultural and technical works were carried out on the trial area in order to engage the degraded lands in the agricultural use, namely: clearing the area of trees and shrubs; stump extraction; planning works ( Figure 2 )
Field planning provides for simultaneous shoots of crop, quality humidification of plants throughout the site, saving irrigation water, preventing unproductive water losses and deterioration of land reclamation condition.
Alignment of the paddy surface was carried out by successive circular passages of the planner along the yards of the previous ploughing. The leveling survey, followed by planning using longspan planner, was performed on the trial area of 20 ha (Figure 3) .
The studies on the effect of structuring on the economic performance of rice cultivation by the area have shown that upon deviation of marks of the paddy surface from ± 3 to ± 5 cm the damage caused by a shortfall will be $200 US per hectare, each additional centimeter of poor planning of rice paddy surface will bring to damage of $100 US per 1 hectare. In the event of deviation to ± 10 cm the damage increases 3-4 times [9] .
In the selected section, the water-balance areas were created, the Chipoletti weirs and automated paddy water supply and discharge plants were installed (Figure 4) .
The results of the analysis of the samples of water supplied to the paddies showed that by the chemical composition they belong to the class of hydrocarbon ones. They have a relatively stable mineralization (Table 2, Figure 5 ) and are classified as moderately saline waters, not requiring special measures aimed at soil salinity control and not entailing a potential danger of soil alkalinization
The studies found that the best option of rice irrigation regime for Kyzylorda array of irrigation on saline soils of chloride-sulfate type is a permanent type of salinity with a variable water layer from sowing to milk line. After sowing of rice the flooding of the paddy surface to a depth of 10-15 cm occurs, and then three days later a forced full discharge of water is performed. Thereafter, the flooding of paddies is performed. The breaks are not allowed between the discharge and flooding.
Before the rice tillering, the water supply to the paddies decreases so that the layer of water decreases to 5 cm and is kept so for 6-10 days, till the end of tillering. Until full milk line of the rice grain, the layer of water in paddies is maintained at the level of 10-15 cm. In the subsequent period until the heading phase, the water shall be periodically replaced, and the operation shall be performed taking into account the irrigation coefficient in chlorine concentration of 0.2-0.25 g/ l. Water supply to the paddies is terminated at the stage of full milk line. The water from paddies is not discharged at the end of the irrigation period; it is gradually absorbed into the soil. This saves the plants from lodging (Table 3) . Against the background of Cartesian discharges, the desalination occurred on average at a depth of 0.5 m. Removal of salts on the dry residue amounted to 35-45, and on chlorine-ion -54-86%.
The cultivation of flooded rice crop affects the ground waters dynamics, the mineralization of which is 14-91 g/l. During all the years of research, the closing of groundwater and irrigation water occurred in the second to fourth day. With the cessation of water supply to the paddies, the water on the paddy surface remained for 4-10 days and after that the level of ground water has been reducing. The speed of the levels rise and drop depends on the area drainage conditions. With the array development, the ground water level rose from 300 to 220 cm in two years. Only after the rice re-growing on the dry residue groundwater salinity decreased by 70-80% on chlorine-ion, and on chlorine-ion -by 85-90%.
Upon the soil moisturizing, the most part of the rise seeds with the access to oxygen retained the viability and gave simultaneous, well-rooted seedlings. During full sprouts of the rice plants, the shoots were treated with herbicide "Gulliver" at a rate of 25 g/ha.
The registration tests results showed that the optimal rate of Gulliver manufactured by DuPont de Nemours International SA is 0.020-0.030 kg/ha, where the highest biological efficiency was achieved, and the death of millet weeds was 94.4%, and bolboschoenus -97.0%. Having measured the required rate of Gulliver, it should be mixed with a few liters of water, after which it is necessary to add Trend 90 (adhesive) into the solution and stir the mixture well.
Due to the strong secondary salinization of soils in the first year of developmenr of degraded lands 5.6% of salts in 0-5 cm layer in Kyzylorda irrigation array upon application of 150 kg/ha of active nitrogen ingredient, the rice yield amounted to: Anait -31.4 c/ha, Tugusken -34.4 c/ha.
The trial establishment on the desoxidated and degraded lands (20 ha) of the rice system of the Kazakh Research Institute of Rice named after I. Zhakhaev in the second year was carried out on the standards and terms of application of mineral fertilizers N 120 P 90 K 60 ; N 150 P 90 K 60 ; N 180 P 90 K 60 . Rice was grown with the use of three doses of fertilizers. The technology of growing was common for the areas.
It is known that the mineral fertilizer efficiency largely depends on the density of plants. Therefore, according to the recommendations of the Kazakh Research Institute of Rice named after I. Zhakhaev, the study of the impact of different rates of nitrogen on the yield of Leader rice variety was conducted. The studies showed that the effect of nitrogen fertilizers is more pronounced at low seeding rate -3 million of germinable seeds per 1 ha. By providing the best nutritional regime of soil, fertilizers create favorable conditions for the crop formation. The rise yield increases with the increase of the rate of fertilizers. According to the indicators of the yield structure, the high productivity is observed at rates of N 150 P 90 K 60 ; the biological yield was 47.5 c/ha, which is 1.5 times higher than in the first year of development (31.4 c/ha).
According to the results, the optimal fertilizer rate for rice after melilot is N 150 P 90 K 60. Increasing the nitrogen rate to 180 kg does not provide a significant yield increase (49.2 -47.5 = 1.7 c/ha), and at this dose of nitrogen the growing season of rice increases, which leads to blind-seed desease in heads.
All this suggests that the rates of mineral fertilizers for rice and the ratio of nitrogen and phosphorus fertilizer are determined by soil fertility and biological characteristics of the sort.
During the years of research, the growth and development of plants improved on average: on plant density by 35-60%, on the total number of productive stems to 20%, on the height of plantsby 60%, on the average weight -by 12%, and on the weight of 1000 grains -by 5%. This has contributed to the production higher yields on degraded site.
Experiments have shown that moderate fertilization with nitrogen at the beginning of stooling can be quite effective upon the provision of plants with this element starting from the initial phases of development 10 .
CONCLUSIONS
The research works were carried out on the lands of the Kazakh Research Institute of Rice. These lands have not been used for over 20 years, and after the rehabilitation irrigation and drainage works the rice cultivating has been resumed. The conditions extremely unfavorable for the production of rice are created in saline soils, resulting in a significant decrease in yield. At the same time, the use of mineral nutrition increases the salt tolerance, as well as productivity of rice.
The research has established that rice has several peaks of nitrogen consumption: in the tillering and heading phase. These indicated peaks of nitrogen consumption by rice should determine the timing of nitrogen application. However, upon rice dressing using agricultural aircraft a part of fertilizers is lost getting on interpaddy spaces, roads, irrigation and drainage channels. Therefore, the local application of nitrogen, which creates conditions for minimum loss and maximum intake of elements by plants, and the application of nitrification inhibitors, the use of which together with fertilizers inhibits the nitrification process for 1.5-2 months and thus contributes to the preservation of nitrogen in the ammonium form, are promising in the improvement of the efficiency of nitrogen fertilizer.
At high doses of nitrogen application, the rice breed Leader, which is less responsive to excessive fertilizer N 180 P 90 K 60 , absorbs more nitrogen, and plants develop better, especially at the early stage, than in highly responsive breeds, but then the amount of nitrogen absorbed is significantly reduced. According to the results, the optimal fertilizer rate for rice after melilot is N 150 P 90 K 60.
Formation of a crop occurs upon the interrelation of the plant genotype with soilreclamation, agro-technical, engineering, technical, organizational and technical conditions and environmental factors.
The article was written as a result of the target program: "Water and land management on irrigation and water systems of Kazakhstan".
